Introduction
The U.S. Geological Survey (USGS) quantitatively assessed the potential for undiscovered, technically recoverable conventional and continuous (unconventional) oil and gas resources in the Akita Basin Province of Japan ( fig. 1 ). The tectonic evolution of the Japan arc and the Sea of Japan is well known and forms the basis for the development of the Miocene petroleum system assessed here (Okamura and others, 1995; Wakita, 2013; Van Horne and others, 2017) . The Akita Basin is part of a back-arc basin along the western margin of the volcanic Japan arc. Prior to about 30 mega-annum (Ma), the Japan arc was located on the eastern margin of the Eurasian terrane. Regional extension in the Oligocene began about 30 Ma, perhaps driven by trench roll-back forces, creating a series of grabens and horsts in the back arc, effectively separating the Japan arc from Eurasia. Following a regional transgression in the Miocene, deep-water conditions prevailed, and many of the grabens were filled with siliceous, organic-rich shales; tuffaceous sandstones; and volcanic rocks. Extension ceased by about 15 Ma, and post-rift thermal sag led to further deposition and thermal maturation of source rocks. Beginning in the Pliocene, a major phase of compression resulted in the inversion of many grabens, and petroleum generated from siliceous shales migrated into these structures. As inversion may have caused loss of seal integrity, some of the oil may have been lost or degraded (Okui and others, 2008) . The model underlying the assessment is for some oil to have been retained within conventional reservoirs and for some oil to have been retained within the shales as a self-sourced, continuous (unconventional) shale-oil reservoir.
Total Petroleum System and Assessment Units
For undiscovered oil resources, the USGS defined a Miocene Onnagawa Total Petroleum System (TPS). Within this TPS is the USGS-defined Miocene Onnagawa Shale Oil Assessment Unit (AU), Miocene Onnagawa Shale Gas AU, and Miocene Onnagawa Conventional Oil AU. The Miocene Onnagawa Formation is similar in age and lithology to the Monterey Formation in California, with siliceous, organic-rich, deep-water shales intercalated with sandstones and volcanic rocks. The Onnagawa Formation and equivalent source rocks have total organic carbon values of as much as 5 weight percent and hydrogen index values as much as 650 milligrams of hydrocarbon per gram organic carbon; the source rocks are as much as 500 meters thick (Aoyagi and Iijima, 1983; Ujiie, 1995; Okui and others, 2008; Yokoi and others, 2012; Yokoi and Tsuji, 2015; Suzuki, 2017) . Thermal maturation is generally modeled to have begun in the Pliocene, but Onnagawa shales, like the similar-age shales of the Monterey, show vitrinite suppression (Ujiie and others, 2004) , which makes mapping the thermally mature source rocks problematic. Because of this, the boundaries of the shale-oil and shale-gas AUs are uncertain.
The geologic model for undiscovered conventional resources is for oil and gas to have been generated from thermally mature siliceous source rocks in the Pliocene; oil and gas migrated updip into traps within inversion structures and diagenetic traps and accumulated in tuffaceous sandstone, porous volcanic rocks, and fractured shale reservoirs (Aoyagi and Iijima, 1983; Tsuji and others, 2011; Tsuji and others, 2012) . Although reservoirs generally exhibit conventional porosity and permeability, some of the potential reservoirs within conventional traps are low permeability and are described as tight reservoirs (Yokoi and others, 2012; Yokoi and Tsuji, 2015) . Tight reservoirs within conventional fields are not included in the shale-oil or shale-gas AU areas.
The geologic model for the assessment of shale oil and shale gas is for some portion of the oil or gas to have been retained within thermally mature Onnagawa Formation source rocks. Only the Miocene Onnagawa Shale Oil AU was defined and shale-oil resources assessed. Shale-gas resources were not assessed given the lack of information on the extent of Onnagawa shale within the gas-generation window, such as in the Mogami Trough (Okamura and others, 1995) , or the lack of tests that would reflect potential shale-gas resources. Thermal gas has been generated from Onnagawa source rocks, as gas is known from several conventional fields, but the downdip extent of the gas window is unknown. Using a geology-based assessment methodology, the U.S. Geological Survey estimated undiscovered, technically recoverable mean resources of 111 million barrels of oil and 85 billion cubic feet of gas in the Akita Basin Province of Japan. Table 2 . Results for two assessments units (AUs) in the Akita Basin Province of Japan.
[MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids. Assessment input data are summarized in table 1. Input data for potential drainage areas, success ratios, and estimated ultimate recoveries for the Miocene Onnagawa Shale Oil AU are modeled after analogs from the Monterey Formation in the United States.
Undiscovered Resources Summary
The USGS quantitatively assessed oil and associated gas resources in two assessment units (table 2) in the Akita Basin Province of Japan. For undiscovered, technically recoverable resources, the mean estimated totals are 111 million barrels of oil (MMBO) with an F95-F5 fractile range from 9 to 277 MMBO and 85 billion cubic feet of gas (BCFG) with an F95-F5 fractile range from 6 to 214 BCFG. Of the mean total of 111 MMBO, 79 MMBO are estimated as mean continuous shale-oil resources with an F95-F5 fractile range from 0 to 200 MMBO, and 32 MMBO are estimated to be mean conventional oil resources with an F95-F5 fractile range from 9 to 77 MMBO.
